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the steam formed, a given final temperature of super-heating would be 
produced. 

The engine would consist essentially of a main working cylinder 
using this mixture expansively to atmospheric pressure~ an air compress- 
ing pump to supply the imprisoned filel at the boiler pressure, and of 
the mechanism by which the two would be connected and tile e x e ~  
of work delivered. 

To be continued. 

[Entered according to act of Congress, in the year 1873, by John Richards, in the 
office of the Librarian of Congress at Washington.] 

THE PRINCIPLES OF SHOP MANIPULATION FOR ENGINEERING 
APPRENTICES, 

BY J .  R.ICHARDS, Mechanical  Engineer. 

[Continued from vol. Ixvii., page 401.] 

Penciling is the first and the most important operation in drafting ; 
it requires more skill to produce neat pencil work than to " ink in " 
the lines after the penciling is done. 

The beginner, unless he exercises the greatest care in penciling a 
drawing, will have the disappointment to find the paper soon becom- 
ing dirty from plumbago, and the pencil lines crossing each other at 

all angles, so as to give the whole a slovenly appearance. 
He will also, unless he stops to consider the nature of the opera- 

tion in which he is engaged, make the mistake of regarding the pen- 
cil work as a preliminary part, instead of constituting, as it does, the 
main drawing, and will thereby neglect that accuracy which alone can 
make either a good looking or a valuable drawing. 

The pencil work is indeed lhe main operation, the inking being 
merely to give distinctness and permanency to the lines. The main 
thing in penciling is accuracy of dimensions and stopping the lines 
where they should terminate, without crossing others. 

The best pencils only are suitable for drafting; if the plumbago i s 
not of the best quality, the points require to be continually sharp- 
ened, and the pencil is worn away at a rate that more than makes 
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up the difference in cost between fine and cheap pencils, to say noth- 
ing of the effect upon the drawing. 

I t  is common to use a flat point for drafting peneils~ hut a round 
one will be found quite as good if the pencils are fine, and quite a 
convenience is gained by a round point for free hand use in making 
short rounds and fillets. 

A pencil by Faber that has detachable points, which can be set out 
as they are worn away, is convenient for drafting. 

For compasses the lead points should be cylindrical, and fit into a 
metal sheath without paper packing or other contrivance to hold 
them, and if an apprentice has instruments that are not arranged in 
this manner, he should have them changed at once, both for conve- 
nience and economy. 

The ink u,-.ed in drawing should always be the best that can be 
procured ; without good ink the draftsman is continually annoyed by 
the imperfect working of pens, and the washing of the lines if there 
is shading to be done. 

The quality of ink can only be determined by experiment; the 
perfume that it contains, or tin foil wrappers and Chinese labels, are 
no indication of quality ; not even the price, unless it be with some 
first class house. 

To prepare the ink, I can recommend no better plan of learning 
than to ask some one who understands the matter. I t  is better to 
waste a little time in grinding than to be at a continual trouble with 
pens, which will occur if the ink is ground too rapidly or on a rough 
surface. 

To test ink, draw lines on the margin of the sheet, note the color~ 
how the ink flows from the pen;  after the lines have dried, cross 
them with a wet brush. I f  they wash readily the ink is too soft ; if 
they for a time resist the water and then wash tardily, the ink is 
good. I t  cannot be expected that inks soluble in water can perma- 
nently resist its action after drying ; in fact, it is not desirable that 
drawing ink should do so, for in shading, the outlines should be 
blended into the tints where the latter are deep, and this can only be 
effected by washing. 

Pens fill themselves by capillary attraction if they are first made 
moist by being dipped into water ; they should not be put into the 
mouth to wet them, as there is danger of poison from fancy inks, and 
the habit is not a neat one. 
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In drawing lines keep the pen nearly vertical, leaning just enough 
to prevent it from catching on the paper. Beginners have a tendency 
to hold pens at an angle, and drag them on their side, but this will 
not produce clean sharp lines, nor allow the lines to be made near 
enough to the square blades or set squares. 

In regard to the use of the T square and set squares, I can give 
no rules except to observe others, and experiment until convenient 
customs are attained. A beginner should be careful of contracting 
unusual habits, and, above all things, of making important discoveries 
as to new plans of using instruments, or that common practice is all 
wrong, and that it is left for him to develop the true and proper way 
of drawing. This is a kind of discovery which is very apt to intrude 
itself at the beginning of an apprentice's course in many things beside 
drawing, and often leads him to do and say that which he will after- 
wards wish to recall. 

It is generally a safe rule to assume that any custom long and 
uniformly followed by intelligent people, is very apt to be right; 
and, in the absence of that experimental knowledge that alone ena- 
bles us to judge, it is safe to receive such customs, at least for a time, 
as being correct. 

Without any wish to discourage the ambition of the apprentice, 
which always inspires him to laudable exertion, I nevertheless think 
it best to caution him against innovations. The estimate formed of 
our abilities is very apt to be inversely as our experience, and old 
engineers are not nearly so confident in their deductions and plans 
as beginners are. 

A drawing being inked-in, we come next to dimension and centre 
lines. The centre lines should be in red ink, and pass through all 
points of the drawing that have an axial centre, or where the work 
is similar and balanced on each side of the line. This rule is a little 
obscure, but will be best understood if studied in connection with a 
drawing, and perhaps as well remembered without further explana'- 
tion. 

Dimension lines should be in blue, but may be in red. How and 
where to put them is a great point in drafting. To know where to 
put dimensions must involve a knowledge of fitting and pattern-mak- 
ing, and cannot be explained here ; make faint lines, leaving a space 
in their centre for figures, when long enough. Study the distribution 
of centre lines and dimensions over the drawing, ['or the double pur- 
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pose of giving it a good appearance and to avoid confusion. Learn 
to make figures like printed numerals ; they are much better under- 
stood by the workman, look more artistic, and when learned take but 
little if any more time than plai~l figures. I f  the scale is feet and 
inches, write dimensions to three feet in inches, and above this in feet 
and inches ; this corresponds to ~hop custom, and is more comprehen- 
sive to the workman, however wrong it may be according to other 
standards. 

In sketches and drawings made, by the apprentice, such as are not 
intended for the shop, it is suggtsted that metrical scales be used, 
because such scales will not interfere with feet and inches, and it 
will prepare the mind for the introduction of this system of lineal 
measurement~ which is quite sure in time to be adopted in England 
and America, as it has been in many other countries. 

In shading drawings, be careful to put on little enough, and to put 
it in the right place; many will c)ntend, and not without good rea- 
sons, that working drawings need no shading ; yet it will do no harm 
to learn how and where they can be shaded : it is better to omit the 
shading from choice than from necessity. Sections must, of course, 
be shaded--not with lines, although I fear to attack so old a custom, 
yet it is certainly a tedious and u~eless one ; sections with light ink 
shading of different colors, to indicate the kind of material, are easier 
to make and look much better. By the judicious arrangement of a 
drawing, a large share of it may b~ in section~ which, in almost every 
case, are the best kind of view to work by. The proper coloring of 
these sections gives a good appearance to the drawing, and conveys 
the idea of an organized machine, ~r, to use the shop term, " i t  stands 
out from the paper." In shading sections, leave a margin of white 
between the tints and the lines on the upper and left-hand sides of 
she section ; it breaks the connectton and sameness, and the effect is 
striking; it separates the parts, and adds greatly to the clearness 
and general appearance of the drawing. 

Cylindrical parts in the plane of seetions~ such as shafts and bolts, 
should be drawn full and have a " round shade," which, with blue 
tint, relieves the sameness of apFearance , a point to be avoided in 
sectional views. 

Conventional custom has assigned blue as the tint for wrought iron, 
neutral or pale pink for cast iron, ard purple for steel. Wood is gener- 
ally distinguished by "graining," which is easily done, and looks well. 
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The title of a drawing is a feature that has much to do with its 
appearance, and the impression conveyed to the mind of an observer ; 
and, while it can add nothing to the real value, it costsso little to 
make plain letters, that the apprentice is urged to learn this as soon 
as he begins to draw, not to make fancy letters, nor indeed any kind 
except plain block letters, which can be rapidly laid out, and conse- 
quently used to a greater extent. By drawing six parallel lines, 
making five spaces, and then crossing them with equidistant lines, 
the points and angles in block letters are determined; and after a 
little practice it becomes the work of but a few minutes to put down 
a title or other matter on a drawing so that it can be seen at a dis- 
tance, and read at a glance in searching for sheets or details. 

In the manufacture of machines, there are usually so many sizes 
and modifications, that the drawings must assist and determine, in a 
large degree, the completeness in matters of classification and record. 
Taking the manufacture of machine tools for example: we cannot 
well say, each time we want to speak of them, a thirty-six inch lathe 
without screw and gearing, a thirty-two inch lathe with screw and 
gearing, a forty-inch lathe triple geared or double geared, with twenty 
or thirty foot bed, and so on. To avoid this it is necessary to assume 
symbols for machines of different classes, consisting generally of the 
letters of the alphabet, qualified by a single number that designates 
capacity and different modifications. Assuming, in the case of engine 
lathes, that A is the symbol for lathes of all sizes, those of different 
capacity and modification would be represented in the drawings and 
records as A ~, A 2, A S, A ~, and so on, the letter and numerals together 
requiring but two characters to indicate a lathe of any kind. These 
symbols should be marked, in large, plain letters, on the left-hand 
lower corner of the sheet, so that the manager or workman or any 
one else can see at a glance what the drawing relates to. This sym- 
bol should run through the time-book, cost account, sales record, and 
be the technical name for the machines, which should always be 
spoken of in the works by the name of their symbol 

In making-up time a good plan is to supply each workman with a 
small slate and pencil~ on which he enters his time as so many hours 
charged to the respective symbols. Instead of interfering with his 
time~ this will increase the workman's interest in what he is doing, 
and naturally lead to a desire to diminish the time charged to the 

various symbols. 
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When the symbols are added to a drawing, the next thing is the 
"pattern numbers." These should be marked in prominent~ plain 
figures on each piece of casting, either in red ink or other color that 
will contrast with the general face of the drawing. These pattern 
numbers, to avoid the use of symbols in connection with them, must 
include consecutively all patterns used in the business; these num- 
bers can extend to thousands without inconvenience. 

A book containing the pattern record should be kept by the head 
draftsman, in which these numbers are set down, with a short descrip- 
tion to identify parts to which the numbers belong, so that various 
details can at any time be referred to. Besides this description, there 
should be, opposite the catalogue or pattern numbers, ruled spaces, 
in which to enter the weight of castings, the cost of the pattern and, 
if needed~ the amount of turned, planed or bored surface on each 
piece when it is finished. 

In the same book the assembled parts of each machine should be 
set down~ in a list, with its symbol and descriptive name, so that or- 
ders for castings can be made from this llst without other references. 

This system is the best one known to the author, and is in sub- 
stance the plan now adopted in some of the best engineering estab- 
lishments. It may be susceptible of improvement; he hopes it is; 
but let the apprentice seize on the idea of some system at the begin- 
ning; any plan is better than none, and the schooling of the mind 
to be had in the observance of systematic rules is the great point in 
view. New plans for promoting system may at any time arise, but 
they cannot be at any time understood and adopted except by those 
who have cultivated a taste for order and regularity. 

In regard to shaded elevations~ it may be said that photography 
has superseded them for the purpose of illustrating machinery, and 
but few establishments care to incur the expense of ink-shaded ele- 
vations. 

Ink shading cannot be done with various degrees of care, and in a 
longer or shorter time; there is but one standard for it, and that is 
that such drawings should only be made with great care and skill. 

A shaded elevation, although it may surprise and please the un- 
skilled~ is execrable in the eyes of a draftsman or an engineer, unless 
it is a good one ; and~ as the making of shaded elevations can be of 
but little assistance to an apprentice draftsman, it is better to save 
the time that must be spent in order to make a good drawing and ap- 
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ply the same study and time to other matters of greater importance. 
It is not assumed that shaded elevations should not be made, nor 

that ink shading should not be learned, but to insist on the greater 
importance of other kinds of drawing, which is too often neglected to 
gratify a taste for picture-making that has but little to do with me- 
chanics. 

Isometrical perspective is often useful in drawing, especially in 
wood structures when the material is of rectangular sections and dis- 
posed at right angles, as in machine frames. One isometrical view, 
which can be made nearly as quickly as a true elevation, will show 
all the parts, and can be figured for dimensions the same as plane 
views. 

True perspective, although never necessary in mechanical drawing, 
may be studied with advantage in connection with geometry, and 
often lead to the explanation of problems in isometric drawing, and 
will also assist in free hand lines that have often to be made to show 
parts of machinery that are oblique to the regular planes. 

This far the remarks on drafting have been confined to manipula- 
tion mainly. Unlike most branches of engineering work, drafting 
must as an art consist mainly in special knowledge, and is not capable 
of being learned or practiced upon general principles. I t  is therefore 
impossible to give the learner much aid by searching after principles~ 
and the few propositions that follow comprehend nearly all that can 
be explained in words. 

Geometrical drawings consist in plans, elevations and sections ; 
plans being views on the top of the object in a horizontal plane; 
elevations, views on the sides of the object in vertical planes, and 
sections, views taken on bisecting planes, at any angle through the 
object. 

D~'awings in true elevation or in'section are based upon flat planes, 
and give dimensions parallel to the planes in which the views are 
taken. 

Two elevations taken at right angles to each other, fix all points, 
and give all dimensions of parts that have their axis parallel to the 
planes on which the views are taken ; but when a machine is complex, 
or when several parts lie in the same plane, three and sometimes four 
views are required to display all the parts in a comprehensive manner. 

Mechanical drawings should be made with reference to all the pro- 
cesses that are required in the construction of the work, and the 
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drawings should be responsible, not only for dimensions, but for un- 
necessary expense in forging, fitting, pattern-making, and moulding. 

Every " piece " that is laid down has something to govern it that 
we will term a "base," some condition of functions or position that, 
if understood, will suggest its size, shape, and relation to other parts. 
By searching after a " base " for each and everything, we proceed 
upon principles, avoid error, and continually maintain £ test of what 
is done. Every wheel, shaft, screw or piece of framing should be 
made with a clear view of the functions it has to fill, and there are 
always reasons why such parts should be of a certain size, have such 
a speed of movement, or a certain amount of bearing surface. These 
reasons or conditions may be classed as expedient, important, or 
essential. 

I now come to note a matter in connection with drafting to which 
the attention of the apprentice is earnestly called, and which if he 
neglects, all else may be useless. I allude to indigestion, and its re- 
sultant evils induced by drafting. All sedentary pursuits give rise to 
this trouble, but none of them can compare with drafting, where every 
condition in the way of promoting this derangement exists. 

In drafting, the muscles are at rest, circulation is slow, the mind is 
intensely occupied, robbing the stomach of its blood and vitality, and 
worse than all, the mechanical action of the stomach is arrested by 
leaning over the edge of the drafting board. I regret my inability to 
give any fixed rule to avoid this danger, but am at the same time 
confident that any apprentice who understands the danger can avert 
it by applying some of the logic which has been reconmended in the 
study of mechanics. We can conclude that if anything tends to induce 
indigestion, its opposite tends ~the other way, and will arrest it;  if 
stooping over the drafting-board interferes with the action of the di. 
gestive organs, leaning back does the opposite ; therefore keep your  
doard as high as possible, stand at your work, and cultivate a constant 
habit of straightening up and throwing your shoulders back ; if possi- 
ble, take brief intervals of vigorous exercise. 

Like rating the horse-power of a steam engine, by multiplying the 
force into the velocity, we must estimate the capacity of a man by 
multiplying his mental acquirements into his vitality. Latent power 
is of no use, neither is latent knowledge or skill. 

Physical strength, bone and muscle, must be one of the elements in 
successful engineering experience, and a store of these things must be 
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laid in at the same time with a mechanical education, or it will be 
found that when ready to enter upon a course of practice, that most 
important element, the propelling power, has been omitted. 

PATTERN ~¢[AKING AND CASTING. 

Patterns and castings are so intimately connected that it would be 
difficult to treat of each without continually confounding them to- 
gether; it is therefore proposed to combine patterns and moulding 
under one head. Every operation in the pattern shop has reference 
to some operation in the foundry, and patterns considered separately 
from moulding operations would be incomprehensible to any but the 
skilled. 

Next to designing and drafting, pattern making is the most intel- 
lectual of what has been termed engineering processes--the department 
that must include the exercise of the greatest amount of personal 
judgment on the part of the workmen, and at the same time demands 
a high grade of hand skill. 

In every other department there are drawings furnished, and the 
plans of the work are dictated by the engineering department of ma- 
chinery-building establishments, but the pattern-maker makes his own 
plans for constructing patterns, and has even to reproduce the draw- 
ings of the fitting shop to work from. Nearly everything pertaining 
to patterns is left to be decided by the pattern-maker, who from the 
same drawings and through the exercise of his judgment alone, makes 
patterns that are durable and expensive, or temporary and cheap, as 
the probable extent of their use may determine. 

The expense of patterns should be divided among and charged to 
the machines for which the patterns are used, but there can be no 
constant rules for assessing or dividing this cost. A pattern may be 
used but once, or it may be used for years ; it is continually liable to 
be superseded by changes and improvements that cannot be predicted 
before hand ; and in making patterns the question of how much ought 
to be expended on them continually arises--a matter tha~ should be 
mutually determined by the engineer and the pattern-maker, but is 
generally left to the pattern-maker alone, for the reason that but very 
few mechanical engineers study and learn pattern-making so well as 
to dictate the construction of patterns. 

To point out to the apprentice some of the leading points or con- 
ditions to be taken into account in pattern-making and which must be 

3 
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understood in order to manage this department, I will refer to them 
in consecutive order. 

First.--Durability, plans of construction and cost, which all amount 
to the same thing. To determine this point, there is to be considered 
the amount of use that the patterns are likely to serve, whether they 
are for standard or special machines, and the quality of the castings 
so far as affected by the patterns. A first-class pattern framed to 
withstand moisture and rapping~ may cost twice as much as another 
that has the same outline ; yet the cheaper pattern may answer almost 
as well to form a few moulds as the expensive one 

Second.--The cast and manner of moulding is determined by the 
patterns, which may be parted so as to be ' rammed up '  on fallow 
boards or a level floor, or the patterns may be solid and have to be 
bedded, as it is termed ; pieces on the top may be made loose, or fastened 
on so as to ' cope off ; '  patterns may be well finished so as to draw 
clean, or rough so that the mould will require a great deal of time to 
finish after the pattern is removed. 

Third.--The soundness of such parts as are to be planed, bored and 
turned in finishing ; this is also a matter that is determined mainly by 
how the patterns are arranged, by which is the top and which the 
drag, or bottom side as determined by the manner of drawing, and the 
provisions for avoiding dirt and slag. 

Fourth.--Cores where used, how vented, how supported in the 
mould, and I will add how made, because cores that are of an irregu- 
lar form are often more expensive than the external moulds, including 
the patterns. The ~ost of patterns is often greatly reduced and some- 
times increased, by the use of cores, which may be used either to 
cheapen patterns, add to their durability, or to insure soundness in tile 
castings. 

To be contioued. 

ON THE STRENGTH OF MATERIALS, 
Bv Chief Engineer WM. H. S~OCK, U. S. Navy. 

In  designing some boilers for h!gh steam, I was anxious to obtain 
the necessary strength with a minimum amount of metal, economy of 
weight being a necessary, i f  not an absolute condition, and having no 
reliable data at hand from which to 'ascertain the "detrusive strength" 
or resistance to shearing of certain size bolts, I instituted a series of 


